General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



AgRISTARS 


:==s"-'=“jr 

csssLrss. 

lor any use m«l« Ihani^- 

Yield Model Development 


E83“1005 

YH-12-0<1348^ 
JSC-18272 ^ 

A Joint Program for 
Agriculture and 
Resources Inventory 
Surveys Through 
Aerospace 
Remote Sensing 

SEPTEMBER 1982 


CROP WEATHER MODELS OF CORN AND SOYBEANS FOR AGROPHYSICAL 
UNITS (APU^s) IN IOWA USING MONTHLY METEOROLOGICAL PREDICTORS 


SHARON LEDUQ/ 




(E83- 10054) CBOP WIATHER HODEIS Cl CCfiK AND N83- 14563 

SOIBIAFS FOB AGBOPHYSICAL ONUS (AFD»S) IN 
lOMA USING HCNTHLY HBTEOBOICGIC AL EBEOICTCBS 
(National Oceanic and At’aosphecic Unclas 

Adainistcation) 79 p HC AC5/HF AC I CSCL 02C G3/43 00054 

Hu,£S5 otri. 


FEDERAL BLDG., RM 200 
COLUHBIA, MISSOURI 65201 



or 

% 





III li<l litfhlllifti ^ H i iWit 


1 Hcport No* 

YM-12-0A348* JSC-18272 

2. Govammtm Accwk>n No. 

4. Title end Subtitle 


Crop Weather Models of Corn and Soybeans for 

Agrophysical Units (APU's) in 

Iowa Using Monthly Meteorologlca 

Predictors 

i 


7. Author(s1 


Sharon LeDuc 


9. ^irforming Orfwiintion Namt and Addran 


MOAA/NESS 


Federal Bldg.* Rm 200 


Columbia* MO 65201 



12. Spontoring Agmcy Namt and Addran 
USDA 

Johnson Space Center /SK 
Houston* TX 77058 


3. Raeipiant't Catiiog No. 


S. Raport Data 

August 1982 


6. Parforming Oiganizatkin Coda 


8. Parforming OrgHrization Raport No. 


0. Work Unit No. 


11. Contract or Grant No. 


13. Typo of Raport and Pariod Covarad 


14. Sponaoring Aganey Coda 

SK 



16. Abaeaci 

Models based on multiple regression were developed to estimate corn and soybean yield 
from weather data for Agrophysical Units (APU) In Iowa. The predictor variables are 
derived from monthly average temperature and monthly total precipitation data at meteoro- 
logical stations In the cooperative network. The models are similar in form to the previous 
models developed for Crop Reporting Districts (CRD) . The trends and derived variables 
were the same and the approach to select the significant predictors was similar to that 
used in developing the CRD models. The APU's were selected to be more homogeneous with 
respect crop to production than the CRDs. The APU models are quite similar to the CRD 
models* similar explained variation and number of predictor variables. The APU models 
will be Independently evaluated and compared to the previously evaluated CRD models. 

That comparison will indicate the preferred model area for this application* l.e.* APU 
or CRD. 


ORlGlN.^t PAGEJS 
OF POOR QUALITT 


17. Key Words (Suggested by Author(s)) 

Crop Yield Modeling 
Agrophysical Unit (APU) 
Com 

Soybeans 

Iowa 



19. Sacurity Qantf. (of thit raport) 

20. Sacurity Claiiif. (of this paqa) 

21. No. of Papas 

22. Price* 

Unclass. 

Unclass, 

77 



*For sete by tbe Netionel Technicei Informetion Service, Springfield, Virginie 22161 


JSC Form 1434 (Rev Nov 75) 




















CROP YIEli) MODELS OP CORN AND SOYBEANS FOR 
AQROPHYSICIAL UNITS (APU'a IN 
IOWA USING MOMIHLY MBTBOROLOaiCAL PREDICTORS 
Sharm LeDuc 


Introductl^ 

Models were developed to Investigate the hypothesis that predictlcai of 
yield from mwittily weather parameters would lirqprove if tte basic area for the 
model became more homogeneous with respect to agricultural emlronment, soils 
and climate. The homogeneous areas, or agrojAiyslcal units (AHJ's), are 
groupings of counties. Mo<Ms developed for APU’s are ccwnpared with similar 
models previously developed for the crop reporting districts (CRD’s). Elg^t 
ARJ's for Iowa, shotn in Figure 1, were defined in a memorandum of understanding 
from Stromnan and Dragg (January 10, 1980). 

The basic meteorological data were racnthly average maxlmuBn and average 
minimum tenperatuires and total precipitation for all of the available coopera- 
tive stations. These data were used to estimate the monthly average temperature 
and monthly total preclpltatiwx for each county in the state. This task was 
conpleted at the Uhlverslty of Missouri - Columbia, Atraosjnerlc Sclaice De- 
partment, under the su^rvlslcn of Professor Wayne Decker. The mettiods 
(Thlessen and Inverse distance) were briefly described by LeDuc (1982). Since 
no significant difference in the values produced by the two methods was 
detected, the coinputatlonally simpler method, the Inverse distance method was 
used. These county data were thai averaged over all comtles within each 






APU to obtain an average monthly tenperature and total raoithly precipitation 
for that APU. 

V8tf*laible8 considered as predictor varieties In the models are the same as 
those caisidered for the CRD's models (Motha, 1980; LeDus, 1980). ISie trend 
variables are also the same. For the so^ean models there 8j?e tvo linear 
traids; tiie change occurred In 1961. For the com models there is a single 
linear trend. 

Method 

The method for selecting variables was similar to that used for the pre- 
viously developed CRD models. A preliminary correlation analysis was done be- 
tween the yield with trend removed and the predictor variables. IMs was used 
to determine which variables to consider. Stepwise regression with stepwise, 
backward and forward selection was used. The selected variables were examined 
with respect to the sl®i of the coefficient, the agreement of variables selected 
for adjacent APU's and the statistical significance and correlation among the 
predictor variables. In some cases variables not selected in stepwise were con- 
sidered for subjective reasons and the results analyzed. These additional 
variables were considered because they were important In adjacent APU's. If no 
variable was Included for a month, Including a period vAien weather might have had 
a significant affect on yield, several additional variables for that month wer® 
tried. These variables were not included In the models unless the coefflclaits 
were statistically significant in the full season model. This full season 
model is developed separately from the truncated models, l.e. models which used 
variables only throu^ a specified month tor each of the APU's. 


Dlacusslon of the Models 


Ihe statistical details of each of the models are Included In Ai^pandlx A. 
The truncated models, l.e., models using veirlables only throu^ a specified 
month, for each of the APU's are Included. There Is also a separate model which 
Incorporated observations from all of the separate APU's, cross sectional data. 
This Increased the nunber of observations available to s^ect the variables 
and to estimate Vhc regt*esslon coefficients. In this model a dutnny variable 
Is considered for Inclusion for each APU. This allovfs for a different level of 
yield fo? each APU, but assumes the same impact of the meterologlcal variables 
on yield In all APU's. The statistical sunmarles of the end of season models 
for so^eans and com are Included In Tables 1 and 2, respectively. 

The production and harvested area data were available for counties (Cotter, 
1981 ). Fbr ao/)eans data were from 3950 through 1979. For com, the data for 
"com for grain" did not begin until 1956. Prior to that productlcxi and 
harvested area data were only available for "com for grain." Kestle (1982) 
used a statistical adjustment to provide the yield of "com for grain" from the 
yield of "com for all purposes" for six years, 1950-1955. The statistical 
adjustment was based on 1956, the only year both sets of statistics were 
available. These data Increased the sanple slzse by 25 percent. The calculated 
yield was the sura of the production over all counties In each APU divided by the 
sum of the harvested su?ea for those same counties. The observation for 1970 
was not used to develop the com models In some areas because of the devastating 
Impact of the com blight oti yield. 

Developnient of the Models 

The derived meteorological variables developed as potential predictors In 
the crop yield models are the same as those considered for the CRD models 
(Motha, 1980; LeDuc, I 98 O). 

The variable PET (potential evapotransplratlon) Is calculated using 
Thomthwalte's method (19^8). 
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•Hie ET (ev^tranaplratlon) and EMAT (climatically aw>roprlate eva- 
potranaplratlon) are detennlned using a hydrologic accounting procedure devel- 
oped by Palmer (1956). Software for calculating these variables Is available 
for the Statistical Analysis Si'stem (SAS) . Documentation and code for the soft- 
ware are availlable from Dr. Diomeis Phillips at the Center for Ehviixxrunent^ 
Assessment Services (CEAS). Restricting the varieties considered as predictors 
was deliberate to allow evaluation of the difference In models (l.e. comparison 
Crop Reporting District (CRD, versus Agroj^yslcal (APU) resulting from a 
change In the basic geographic ixiit for which yield was estimated. Other 
variables, such as monthly average maximum and minimum tenperature were 
available fcr consideration In the models but vere Ignored when selecting 
variables for the models. 

Mo dels 

Ihe :.jodels are described In Tables In Appendix A. Figures displaying the 
yield and estimated yield from the model for the end of the season are Included 
In Appendix B. Appendix C Includes the data used In estimating the models. 

Soybean Models 

The soybean models (Appendix A) for the CRD's Include variables for the 
weather In Septaiber In six of the nine CRD models, the southern, western and 
the north central models. Septenber variables were included In models for 5 
of the 8 APU's and also for the model vrtilch Included all of the APU's. 

The cumulative precipitation, the sum from Septenber of the previous fall 
through April Just prior to planting, was a variable In four of the CRD models. 
The coefficient was negative, Indicating decreased yield is associated with too 



much precipitation during that period. None of the APU models Included this 
variable nor had April truncations. One of the APU models and the model for all 
APU' 8 Included the squared deviation from normal of the cumulative precipitation 
through May. The coefficient estimate was negative In both models. 

Other variables for the month of May included In the APU models were precl- 
pitaticm and evs^transpiration. Ihe CRD models used temperature and the 
squared precipitation. Fbr the June truncation the APU models Included 
variables which viere functions of potential and/or estimated evaqpotranspirati<»i. 
The CRD models used temperature in the June models. Fbr both types of models, 
the July and August variables were largely functions of the eva^po transpiration. 
August and Septenber are Importarit months in relating final yield to the 
weather, "nie vai'lables Included In the models are significant and expledn 
much of the variability In the yields. 

The explained variance (r 2) for the final truncation of the so^ean APU 
models ranged from 77-95 percent (77-98 percent for final CRD models). In the 
models vdilch conblned all APU's there were three APU's fovnd to have a signifi- 
cantly lower level of yield (APU I4l, 243 and 260) as Indicated by the negative 
coefficients for variables Dl, D4 and D5. The coefficients for the trend 
variables changed with the various models. The estimated Increase due to trend 
is similar for both APU and CRD models. The estimated Increase due to trend 
from 1950 to 1979 ranged from 7.4 q/ha In APU 251 In the south central to 13.4 
q/ha in APU 260 In the northeast. Cotiparably, the range for the CRD models is 
from 7.4 q/ha for the aop.theast CRD to 13.5 q/ha for the northeast CRD. 

Com Models 

The statistics for the truncated com models for the APU's are Included In 
Appendix A. The models for the full season model are suntnarlzed in Tbble 2. 
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Ihere were only two AFU models with a May troncatlon. One Indicated that hl^ 
ten^ratures in May were associated with decreased yields i the other that 
decreased yield is observed tAien May precipitatlcxi is high. July is the most 
Ijiportant month In both the API) and the CRD models. Ihe July variables for the 
APU models are functions of potential and/or estimated evapotranspiratloii. 

June potential and/or estimated evapo transpiration also a^ppears to be 
significant in many of the models. Ihe end of the season model for APU 2^2 had 
a variable for April, ratio of precipitation to potential evapotransplration 
for and three mod^s had variables for August. 

Ihe CRD models also had emphasis on the July variables. Cumulative preci- 
pitation for Septenber through June included as a squared deviation from the 
mean in three CRD models and in one APU model. One CRD nodel contains cumula- 
tive precipitation, Septenber through June. An April truncatlm is not Included 
for any of the CRD models and for only one APU model. 

The explained variance (r 2) is somevhat higher with the APU mod^s (88-95 
percent) than with CRD models (67-91 percent). The estimates of the trend coef- 
ficients appear to be higher with the CRD models although the differences are 
small. The Increase in estimated yield due to trend ranges from 34.8 q/ha to 
48.9 q/ha for the APU models for the period 1950 to 1980. 

Three APU's (141, 142 , 251) were found to have a slgiiflcantly dlfferait 
level of yield as Indicated by the significance of the coefficient of variable 
D1 In the model for all APU's. 
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Sunrary 


Ihe variables of the APU models found to be slgilf leant for the APU models 
are closely related to those found to be slgilf leant for the CRD models, 
temperature or evapotransplratlon was determined to be sigilflcant for the 
same month In the same geographic area. The functional form varied slightly 
as did the amount of variation explained. Structurally the models are similar 
by construction with differences being In the predictor vaurlSbles selected. 

The estimated ccwitrlbutlon due to trend Is similar for the two types of models. 
The amount of variation explained by tl« APU models for ce n was somevhat higher 
than for the CRD models. Selection between these two types of models will be 
made after the APU models have beai Independently tested. Differences between 
the statistics of the Todels (ARJ vs CRD) de/eloped from historic data are not 
significant and dc not determine a preference toward one type of selection of 
one geographical unit as the basis for models. Models for both types can 
be inproved. The Initial attempts can possibly be Ijrproved by evaluation of 
the trend throu^ use of different linear tro.tds or throu^ Incorporation of 
estimates of the continents of technology, such as crop type and fertilizer 
aHJilcatlon. The extent of this Improvanent will need to be deter "mined In 
future model development. The evaluation of the current APU models and the 
conparlson of the two types of models will be determined on the predictive 
ca^iablllty since this Is the Intaided use. The contarlswi of* the regressions 
for the two types will be based on a bootstrap test procedure. Results will 
be presented In a later report. 
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Table 1. Sunnazy of Vaurlables enid Coeffici^t Estimates for AFU Soybean Mcxiels (Final ’nuncaticn) 



for adi APO's except 141 (2 + 3, 260), when value is <Mie 





Tadsle 2. Sinrary of Variables and Coefficient Estiinates for APU Corn Models (Final 
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0.056381 


f RATIO 

PROB>- 

R-SQU-RE 


T RATIO 

2.7588 

3.7533 

6.0082 


63.21 

U.OOQl 

U.8187 

PROBXTI 

U.OIOI 

U.0008 

U.OOOl 


model t JUNE 

DEP VARt yield 

VARIABLE 

intercept 


DF 


OF _ 
MSE 

-0.454469 

0.354560 

0.342606 

0.062361 


57.756527 

27 

2.139134 

umn 

0.051825 

0.025106 


F RATIO 

PROB>F 

R-SQUARE 


T RATIO 
-0.1160 
6!2io9 

2.4839 


51.98 

U.OOOl 

0.8524 


P»38>|TI 

U.9085 

U.0004 

U.OOOl 

U.0195 


model* AUGUST 
DEP VARt yield 

VARIABLE 



OF 


SSE 

OFE 

MSE 

parameter 

estimate 

-8.699990 

0.323202 

0.365831 

0.07191R 

0.068417 


37.7157|2 

1.450506 

STANDARO 

ERROR 

3.915147 

0.072447 

0.043132 

0.020334 

0.018407 


F RATIO 

PR08>F 

R-SQUARE 


T RATIO 

i:ll! 

3.481 


60.94 

U.OOOl 

U.9036 


PRD8>ITI 

U.0352 

U.OOOl 

U.OOOl 

U.0019 

U.OOlO 


model* sept 

DEP VAR* yield 

variable 

Intercept 



Of 

1 -11.670862 

0.086894 
0.036364 
-.0000603855 
5.450705 


27.246333 

1.1352?2 

standard 

ERROR 

3.608322 

0.066006 

0.038935 

0.019120 

0.019346 

,00002969343 

2.075977 


F RATIO 

PR08>F 

R-SQUARE 

T RATIO 

-3.2340 

4.9113 

9.5409 

4.5446 

1.8323 

-2.0336 

2.6256 


53.45 

U.OOOl 

U.9304 


prdb>iti 

U.0035 

U.OOOl 

U.OOOl 
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ORIGINAL PAGEJS 
OF POOR QUALITY 


IO»A SOYbEANS NOPTiEASTEKN CENTRAL APU 2<»J 


model ; 

TREnL 


SSF 

84,830oU2 

F P .1 T T 0 

97,94 




)FC' 

cf:' 


o.OOUl 

OF» VAo: 

yield 


'Sc 

2 . 30n2l4 

R-S0'J'''RF 

lU R 




PAD a IPTPD 

ST A'|:j ..P 0 



VAPIAMLE 


OF 

ESTT -' Vfp 


T -iTTO 

I T I 

IvTEPCEoT 


1 

5.'4?174A 

2.499372 

2.1842 

Ll.iJ jo7 

TPENDl 


1 

0. ISIARS 

0 • 0 90 7 bO 

3.B7,^0 

j • 0 ilO^ 

TOEND? 


1 


0.053513 

8.1 749 

J.UVOl 

model; 

JJNE 


SSP . 

55.648 <*f 

F •y^TTO 





OFF 

27 

PbO OP 

u • GOu 1 

OPo vap: 

yield 


-tSE 

2.081 39 

9-SU'J',Rt 

i* • H 3 




PARAmETFo 

st and - 9 3 



variable 


OF 

ESTT-.*ATE 

tPi909 

T kATtQ 

pD jt3> 1 T 1 

Intercept 


1 

-l.B<f875S 

4.129 ,79 

-0.3993 

0 ♦ b 

TPE^'Dl 


1 

0, 3S83B8 

0,085327 

4. 1797 

U.00O3 

TQE^iO? 


1 

n.4S0S24 

0.051 -A4 

8.4343 

u.OOOl 

PET6 


1 

0.:)S5824 

0,028741 

^ R 7 n 


model; 

ajgust 


SSE 

35.808"8b 

F RAT TO 

8 7,30 




OFF 

28 

PR 't A>c- 

u.COOl 

DPP vap: 

yield 


-ISE 

1.377285 

d-SD'J'PE 

i;,9 j07 




PARAMETER 

ST AMO -20 



variable 


OF 

ESTf M-iTF 

frro- 

T RATIO 

Pmj8> I T 1 

Intercept 

1 

-11.818538 

4.277 82 

-2.7165 

iJ.0ll6 

TPEMOl 


1 

0.320487 

0.070383 

4,8 9,- 1 

u , OuO 1 

TPEND2 


1 

0.4S8312 

0,042278 

10.7938 

o.OOOl 

PPTA 


1 

0.083230 

0.021 -47 

-'.881 1 

j , 0 0 7 8 

ET<? 


1 

0.085597 

0.022353 

3.7994 

U.0008 

model; 

sept 


SSF 

23,454332 

F RAT-O 

84,13 




OFF 

2 4 

D3M>- >C" 

U . 0 0 0 1 

Dpo var: 

yield 


'1SF 

0,977284 

D-S )'l'Rt 

i),93h6 




PAR \ -tFTED 

ST A '10 R3 



variable 


UP 

estt - ate 

F'joo j 

T 9 T T 0 

Rd )5> 1 T I 

intercept 

1 

S8'l,47HS<b--* 

25(',073 4- 

2. 721 1 

J » (.' 1 1 

TRENOl 


1 

0.327891 

0.080833 

3. 41)58 

u • Gnu 1 

TPEMD? 


1 

0.473077 

n. 0 38 194 

12. 1845 

ii • OOO 1 

PC-T6 


1 

0,048880 

U.019C3) 

D.SPO'i 

i j , M 1 0 

FTP 


1 

0 , 0 8 8 a P “ 

0.019>85 

4. 8-'=; 3 

J • jGu 1 

<ODR 


1 

44, -^41 R(‘-4 

1 7.PS2 V'.' 

3 , ?41 9 

’ 0 .0 

ETMAT9 


1 

-9 , 7^9854 

3.522349 

-2.7891 

. G i 0 « 
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IOWA SOYBEANS SOJT-»€RN CENTRAL APU 251 


MOOCLt TPENO 
OEP VARt yield 

VARIABLE 

intercept 

fg|88l 


MSE 

» ’fitSIB 

I m\ 


lOS.OABS^I 

3.858971 

STANDARD 

ERROR 

0.069575 


F RATIO 

«RO0>F 

R-SOUARE 


f RATIO 


111 


o^ilt 

U.6192 

P»OB>|TI 

t!: 8 Ep 

U.0020 


MODEL I MAY 

OEP VARt YIELD 

variable 
:ept 



OF 


SEE 

mse 

parameter 

ESTIMATE 


PODS 


8.395031 

0.|9682Q 

0.229958 

>0.00673008 


106.0A50|| 

3.92759A 

standard 

ERROR 

3.270626 

0.009422912 


F RATIO 

PRO0>F 

R-SQUARE 


T RATIO 

2.5668 

2.4953 

3.2376 

-0.7142 


.!!s 3 ! 

0.6262 


P»DB>ITI 

“•SHi 

ii.0032 

0.4812 


model: JUNE 

OEP VARt yield 

VARIABLE 


R, 

TRI 

I?' 


lERCEPT 

NOl 


;go2 


OF 


A 

\ - 


SEE 

mse 

parameter 

ESTIMATE 

0.932164 

0.308481 

0.223226 


92.122A38 

3.543171 

STANDARD 

ERROR 

oliiSill 

0,067546 


F RATIO 

PROB>^ 

R-SQUARE 


T RATIO 
5.30*8 


m 


PRD0>ITI 

0«8500 

0.0113 

0.0028 

0.3669 

O.0581 


model: august 

OEP VARt yield 

variable 


IN 

TRi 

TR 

iil 


[ERCEPT 




OF 


SE! 

MS 


*13.070348 

0.322396 

- 8 :§?Ug? 

0.086143 

10.118020 


60.693261 

2,427731 




5,609725 

0,093726 

o.ooSoTlils 

0.025302 

2.812091 


F RATIO 

PR05>F 

R-SQUARE 


T RATIO 

-2.3299 

3.4398 

3.6341 

-2.4227 

3,4046 

3.5980 



19, 

o!7d6] 


PRD9>ITI 

0,0282 

0.0021 

O.0013 

O.0230 

O.0023 

0.0014 
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lOMA soybeans SO'JTHEAsTE^N APU 252 


model t tqeno 

OEP VAns yield 

variable 


EPT 



OF 


m 

mse 


parameter 

estimate 



89.A279 

3.193S53 

STANDARD 

ERR09 

2.940021 


F RATIO 

PR08>F 

R-SQUARE 


T RATIO 

l;8il 


47,33 

U.OOOl 

0.7717 

PROB>|T| 

U.OQOe 

U.0349 

O.OOOl 


MODELS JUNE 
OEP- VAR: yield 

VARIABLE 


EPT 



ETfr 



79.8217JI 

2.956362 


or '‘mm *iss85” 

I 



R-SQUARE 


T RATIO 




1.8026 


PPDB>ITI 

U.4Q00 

U.0207 

U.OOOl 

O.0826 


MODEL { AUGUST 

OEP VARS yield 

variable 


OF 


I 

ir 


SSE 

OFE 

MSE 

parameter 

ESTIMATE 

-2.734247 

0.259036 

0.344679 

0.068373 

4.784751 


69.651056 

26 

2.678B87 

standard 

ERROR 

5.767623 

0.098216 

0.060026 

0.028716 

2.455618 


F RATIO 

PR08>F 

R-SQUARE 


T RATIO 
-0.4741 


1.941 


30.06 

0.0001 

U.8222 


PMDB>IT| 

0.6394 

O.0139 

U.OOOl 

O.0249 

0.0622 


MODELS sept 
DEP VARS yield 

VARIABLE 

intercept 


S8I 

THAT9 


OF 


parameter 

estimati 


- 0.1 


4,944258 


26.036296 

1.1320l3 

standard 

ERROR 


810.252357 186.026921 

— 1.606127 

00021304 .0Oo5O611||8 

-7.792325 13.173379 

-10.602992 2.432430 


F RATIO 

PR08>F 

R-SQUARE 


T RATIO 

4,3556 

3«7793 

9.4475 

2.8074 

3.0784 

-3.4836 

4.3870 

-4.3500 


^ 6,15 

u.OOO 

0.933 


PoDB>ITI 

U.0002 

U.OOlO 

S:8fSi 

U.0053 

O.0020 

!I;8§8I 
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SOYBEANS 'JO^TMEASTEPN APU 260 


moOEi : 

TPEmU 


SSF 

104.119.179 

f v at TO 





OFF 

d-^ 

ppri-<>F 

0 . OOu 1 

OFo vAp: 

YiEl.U 


-'S'-T 

3. 7 l«n4-f 

--S njvPt 

li • 40 1 




papa*ETFp 

STA-IU ^PD 



VaPlABLE 


DF 

E5TT 1ATF 


T vaTtJ 

•Vwj3>| T 1 

IvTEPCEPT 


1 

1.739341 

3.172j39 

'» • ->4»54 

.»,5377 

ToEMOl 


1 

0,4.27903 

0.11519/ 

3,71 45 

J . 0 1) 0 

TPEN02 


1 

o,4/3-f7l 

0 ♦ 

7, 10 

J , 0 9 U 1 

model: 

JJNE 


S3F 

53.595470 

^ T T 0 





OFF 

26 

PP )‘-:>r 

9,0001 

OEP Vftp: 

YiEiD 


MiSr 

3.2?br*4 

P-SOM.' 9E 

0 , 5/00 

VflPlARLE 



oAPA-pETEP 

stand-' 9 3 




OF 

ESTt'*ATE 

£OPO- 

T PjT'O 

Pp )ri> 1 T I 

t^-tepcfot 


1 

23.173432 

11.593717 

1,9904 


TPFMr)i 


1 

0 • 393-I.54 

0, 1 054'97 

3.4244 

j.OjI? 

TPFNOP 


1 

'I.4A33H1 

0 , 0 6 3 " 7 3 

7 .2911 

, 0 0 0 1 



1 

-25. 754215 

l'i,)a39/2*5 

-2. .1759 

■ 1 , 02o2 

ET6 


1 

0.046037 

0,034336 

1 , 14 2 3 

0.1916 

MADEl: 

AJGUST 



62.592570 

F 9ATT0 

-^9.04 



)FF 

25 

P P ' ; <> C" 

ii . 0 0 U 1 

OFO \/^p: 

YitLU 


VI 55 

2.503/03 

9-S j'J' 9t 

0 • iJ 7 1: 




papa^etEp- 

stand: 93 



VAPU3LE 


DF 

tSTTM.ATr 

Fpl^OF 

T 4 '. T r 0 

cw j8> 1 T 1 

I'iTEPCE'^T 

1 

20. 719?45 

10,247j36 

''.'220 

\} • 0d*^0 

TPE'JOl 


1 

0.3 74<i52 

0,096/34 

3.9136 

u .0 JOr^ 

T»E‘iO? 


1 

0. <*95 0 52 

0. 0561^53 

4.214-4 

u • Quo 1 

FA 


1 

-33.143543 

9.M5041 * 

-3. 1546 

j . 0 jdS 

ET6 


1 

0.057293 

0.030490 

1 . 57:1 

0 .0 

ETB 


1 

0.079244 

0,02/1/3 

2.91--9 

Ll ♦ U 0 7 

model: 

SEPT 


SS^ 

33# j'od 

F 4 A T 1 0 

S^r *0? 

DEO Vap: 

yIElu 


)FF 

'isr 

dd 

1 • S40- 4 ;i 

Q 3. 1 4>r 
P-S /'.I ' PE 

J.OOOl 
0 * '^-^9 - 

VapIaIlE 



o 'X •? 

STi'iO .. 




OF 

E5TT -AfE 

-■;i>PO - 

T V •. T ' n 

> 1 T 1 


T^ TEOCPOT 

TorMHI 

TcF^.^? 

Fs" 

ETf> 

ETt< 

xno*? 

fq 

ETH£T9 


1 4S? 

1 
1 

I s 19-5P J 

I ').V4]tP4 

1 0,n=;44»il 

I t5. 3'^3t 37 

I 5.n44154 


332.1*^1 
0 . T 7 7 - r> 

0 , 4 i* 7 V ? H 

7.'PQ4-7‘^ 
Pu ^ ^ 4 

0.9P3/53 
■^3. 7P*+ So 
2 , 3 ^ 4 '?^ 
4. ^m9 1 9 3 


77r,7 

■4 , T 

n . •■'' 

. \ , 7 r\n 
1 - ’2 
?,^M 3 
p. 7333 
P. 3 
-2. M30 


>< • 0 1 ] 3 
j , 0 3 

J.OOOl 

*• • 0 u 1 ^ 
u . 1 J4=. 
J « 0 222 
yJ ,'J LCP 

J.Zcal 

j.r. 127 
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IOWA SOYBEANS STATE MODEL FOP ALL APUS IN ST»TE 


model t JDLY 

OEP VARt yield 

variable 


EPT 



or 

} 


0.365890 

-1.0i»3S3A 

:k« 3 $?| 

-• 0000343233 
0.065346 
0.019444 


717.0747|6 

3.000313 

standard 

ERROR 

0.021743 

0.344308 

8:i2|»SJ 

,00000532209 

0.010198 

0.002455247 


r RATIO 

PRQB>F 

R-SQUARE 


T RATIO 
-1.4919 

-3.0291 

-3.4466 

itm 

6.4079 

7.9195 


U.8180 


PRD0>|Tf 

U.1370 

U.OOOl 

U.OOOl 

U.0027 

U.0007 

U.OOOl 

U.OOOl 


model I AUGUST 

DEP VARI yield 

variable 

intercept 

TRENOi 

TrM2 


DF 


MSE 

parameter 

ESTI4IATE 

-7.909702 

0.333466 

-.0000257423 

0.063956 

0.015919 

0.053462 


503.152945 

2.450l 

STANCAR’J 

ERROR 

1.684489 

8:8fi8l8 

Umii 

0.310172 



0.007231397 


F RATIO 

PRQ8>F 

R-SOUARE 


T RATIO 


-4.6956 

9.969* 

-7:p5i 

-3.3481 

6.9307 

7.0144 

7.3930 


152.18 

8:8888 

PR08>ITI 

U.OOOl 

U.OOOl 

8:8m 

U.0005 

U.OOOl 

U.OOOl 

U.OOOl 

U.OOOl 

U.OOOl 


model > SEPT 

OEP VARI yield 

VARIABLE 
ERCEPT 



MSE 

PARAMETER 
OF ESTIMATE 


-7.005361 

0.3260C6 

0.368393 

3 ;P 

0.045031 

0.025623 


564.5484J7 

2.382061 

standard 

ERROR 

i:8U8ii 

0.Q19450 

8 :pi?| 

,000054?636f 

0.009254934 

mhm 

0.009160437 


F RATIO 

PRO0>F 

R-SQUARE 


T RATIO 


-4.6903 

9.8524 

i|:p2f 

-3.51 16 

m 



141.66 

iildS 


PR38>|TI 

U.OOOl 
U.OOOl 
U.0f ‘ 


2- 

3< 

2 . 
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ORIGINAL iZ 
OF POOR QUALITY 


VAOIABLE LAdEUS 


aopR 


Tf 


T»ENO - I IF ve R <s\9'^9 0^ 
vt04 - PRiClPITA . lOM/opT FOS 

pos - prSctpitatiom c-OW 

XDOS - TtMPEPATUPE ^E^/IaTIOJ FO-- -tay 
ETMAT6 - CLI'^ATICALL'*' APPhOPPIATE ouTF\TU. 

tVAPOTPANSPIPATIOw FOP JUrMt 
X006 - TEMPtPATUME OEVIATini FOP JIME 
QSOh - 53UAK£0 PHCCIpITATTOI OtVlATI.Vi -Op JUmF 

ET6 - EVAPOTPAN;SPTpATIO*^ ^0-> 

MP7 - PRECIKITATIOim/pFT FCp JULY 
n - ET/ETHAT fop JULY 

0EF7 - temperature OEVIATIO'I-oET FOR JUL r 

ETP7 - ET/PtT FOR JULY 

POB - PRtClPTATION FOR AUGUST 

E« • ET/JTHAT fop AUGUST 

XOOB - TEMPERATURE OrviAflOM F)p AUGUST 

POB - precipitatiom rop august 

01 - DUMMY VARIAdLF* 1 IF APjslAl Ow at5u*lWP OR APjstJSl 
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ORIGINAL PAGE W 
OF POOR QUALITY 




model* T^tMu 

OfP Vft»: vlEiw 
vapU-^LE 

1 .TePCFoT 
Ty£NO 


1 . • 

i NO y T -1., 

. • S f ^ V J 1 H 


ei J :f 3 

►' • w T r V 

»r jT 

c •• 

•-» V • - > iT 



Mj Wc. 

^ r £ • 

'jT ^ J 


r=- 


T , • ^ • 'I 

' - '1 

J ‘ • •. .W 

^ ^ - *4 

1 

• 1 / 

3. i • cI 


•J.I*UU 1 

I 


P •• > I r I 

j • «i w 1 
^ j 1 


MODEL* 
OfO l/AP* 

jJLV 
YTti. J 


♦P ^ 

»s- 

Pi!5«7'3'F .»C 

Cli 

' ' ^ ^ 7 3 J 4 / 

r » J 

• >k 

- - ^ 

J • J y W I 

*i • r V 

VAOUrfLE 


•;F 

^ 4***"T- V 

f. >i r- .r-' 

^ r My I ^ J 

r r'(i 

^ J J-l> 1 T 1 

iMTEPCfDT 

TPENO 

17 

0EF7 


1 

1 

1 

i 

1 .-Or. M 
Tr* . i ^ i ■#*' 
<> , j*jO -4o 1 

1 J • -< .i J 1 S i 
♦i . 1 3 

I^« ^f-D4u:F 

-P.3 JW 
1 

>.rb<* / 

1 . 

ri • u i / 7 
v> • 0 j J 1 
J.UJul 
J • 0 3U ^ 


o 






ORIGINAL PAGE IS 
OF POOR QUALITY 


i’>M cuK 4 sj 'I T.i^srt-< >1 A-»j iHi? 


model: T^t\L 


SSr 

id 

f 1 r ) 


OFP Vftw: YiEl L> 



t J 

M ->i ) • > r 

J • U J U 1 



p-»» 7^1' 1 

r j •* 


V4PUMLE 


JAP-Vr. 

s r 




= 'iri -tr- 


1 V V T M 

1 T 1 

iVTEPCEor 

1 

M )00 


7 • 7 7 j 

J . (i ■) l; I 

TSENO 

1 

i.c<*nu 

J • 1 ♦ / 3 

J*M. / J 

J • • j o u i 

MODEL S JUNE 



}• 

F "'.rn 

CCmCi4 

OFP vam: YltlJ 


isf 

C i 

PJ •'30'* 3Y i 

4 w'M>r 
-i-S )'J' Pt 

•i • U Y 0 1 

o.**{fc3 

VAPIA8LE 

OF 


SFA'>4U ><0 



fsri \rF 

C.->PO-< 

T V.fT-) 

P-»'j^>i T 1 

I-mIEPCEPT 

1 

I.l7->l7h 

1 F.ai 7j/.. 

■J, )o-« 3 


tpEno 

} 

1 1 7^^ 

0.^01 7ot) 

0. l-y<* •tj«' 

?» .‘♦o ^ 7 

Y* Juo 1 

Et5 

1 


i . 3 1 »<♦ 

w.l^03 

models JULY 



7^f, )l31 ‘♦‘3 

f PATfO 

bl.&s 

DEP VAP: Yiei.D 



^•3 

u ^ ^ r 

Vi • UUU 1 



. SSo i 

"-S JiJ'Pt! 

Jp 5 7Dh 

VAPIA9LE 


A AFTE-f 

ST a»iD>‘p0 



Or 

Esn nTt 

tPpO^ 

T - 4 T T 0 

3pjs>i n 

I^•TFPCFoT 

1 



- •> . '’c' •* 1 

u • Ouu 1 

TpENO 

1 

1 • j 

0 . 1 1 i' .i 

1 1 

u • Uviu 1 

ET6 

i 

O.jC‘775- 

0. ■> 7H3i r 

? • •>' 1 ‘•'3 

J • 0 J u ^ 

ETP7 

1 

'!»?• i 

l£.S7dSPJ3 

f, ^C'’? 

u • Ouu 1 

Mnoti,! AJoUsT 


SSi 

•3 ^^(3*4 1 

r ^ T ^ • 

5o • 

OFP yap: yIpld 




^J,>Q 

Vi • 0 *J J 1 


.•s^ 

P '3 • 5 p j“ 3 ' 

- 'D .* 1 -^r 

J • Y.i i 1 

VAPU8LE 


^ ^ ^ A* r *• 

3 r A I J V ^ 



Op* 

E 1 •.!- 

cj 3 ■) V 

r 

1 1 • 

ip'TEPCFPT 

1 

IS 

1 3,47J< / 1 

--5. 15 V 

J • 'J J 0 1 

TDEN‘0 

1 

1 • 1 

u . 1 1 1 / 

1 

vi % L ' ^ i u 1 

Et6 

i 

• . J -5 - 
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